is made of the formation and the feature of stationary rainbands observed in western and eastern Kanto District.
Introduction
Stationary rainbands were observed by the radar set up at the Meteorological Research Institute, Tokyo, Japan. The radar is of 3. 2 cm wavelength and its indicator consists of PPI, RHI and A-Scope.
The most striking feature of these stationary rainbands was that their echoes had originated from small elementary cells generated in a certain area.
The author describes the feature and the formation of such stationary rainbands associated with the tropical storm and the uniform air mass. MALKUS, BUNKER and MCCASLAND (1951) have demonstrated that, in the region of Cape Cod and the adjacent islands, an unusual and striking cumulus-cloud formed at altitudes of 3, 000 feet or lower. Large numbers of dark, tenuous, pileus-like veils are related to the heating of the land surface relative to the surrounding waters. LEOPOLD (1949) has shown that the local sea-breeze and land-wind regimes in Hawaii meet and interact with the prevailing trade wind giving rise to cloud lines of a distinctive character, and that these cloud systems are the source of rain and sufficiently frequent to exert important influences in local microclimates.
In this study, when the formation of a stationary rainband was observed in western or eastern Kanto, a typhoon or front which provides a source of moist air existed over the Southern ocean and a strong southerly wind was flowing around the Kanto area.
Because the generating points of small elementary cells were distributed over the mountainous region of Izu or Boso peninsula, it is assumed that the generation of small elementary cells composing the rainband was due to the trigger action of such topographies. Furthermore, it is considered that the generation of cells and the formation of a stationary rainband may depend on the strength of trigger action, atmospheric flow pattern, the degree of atmospheric instability and the moisture distribution in the atmosphere.
Radar observation of stationary rainbands 1) Tropical storm case
Stationary rainbands were frequently observed by radar in western Kanto when a typhoon center was located at several hundred kilometers west or south-west of Tokyo (in Kyushu or its vicinity).
The tracks of three typical typhoons in which stationary rainbands were observed are shown in Fig. 1 . The locations of the typhoon center at the time when rainbands were observed by radar are shown in acs on the track of typhoons in Fig. 1 .
An analysis was made of the stationary rainband which was observed on 18-19 August 1954 (typhoon GRACE) .
At 2100 JST on 18, the first rainband was observed near Ninomiya about 60 km southwest of Tokyo. At this time, the typhoon center was located in Shikoku District. Fig. 2a shows the surface weather map.
At 1900JST, the wind direction at Nagatsuro changed from southeast to southwest the wind speed being 25 misec.
Figs. 2b and 2c show the surface weather map of another typhoon when stationary rainbands were observed in the same area.
Series of radar photographs are shown in Fig. 3 in which the stationary characteristic of a rainband is expressed. These bands were formed by development of small elementary cells and its first cell had been continuously generated at a specific area, namely the southern end of rainbands. Fig. 4 shows the generating points of the first cell. Because these points were distributed to the northeast of Izu peninsula, it is estimated that the generation of these elementary cells are related to the topography of the peninsula.
Small elementary cells move to the north-northeast along the rainband, and its velocity is obtained to be 20 m/sec, which is about the same as that obtained for other isolated echoes. The time interval of cell generation is about 5 min. Its cell was apparently developed upon reaching the coast line near Ninomiya and more developed to intense echo near Atsugi.
An example of these behavior is shown in Fig. 5 . At 0815 JST, these echoes were slightly developed and formed a stationary rainband at 0850 JST. This rainband was separated at 0921 JST about 20 km northwest of the radar station and diminished at 0935 JST. Fig. 6 shows the time variation of the new elementary cells distributed in a circle which were observed at 0750 JST near Ajiro about 90 km south-southwest of the radar station. 1961An
Analysis of Stationary Rainbands as Observed by Radar299
These phenomena continued to the morning of 19 and hardly any other echoes were observed in the radar range of 120 km.
2) Uniform air mass case
When the Kanto District is covered with a southerly wind air mass in summer and at about 0900 JST, a southerly wind of 5 m/sec or more begins to blow, small elementary cells were frequently observed over the southern area of Boso peninsula.
The greater part of these elementary cells were diminished in the morning, but on occasions, these cells were developed and formed stationary rainbands.
A typical example of the stationary rainband in eastern Kanto occurred on 5 At 0944 JST on 5 August 1957, scattered elementary cells were observed in northern Boso peninsula, and these cells moved to the north along the Chiba coast line.
Its velocity is obtained to be 10 rn/sec. At 1040 JST, small elementary cells were developed and formed a stationary rainband. Fig. 9 shows the stationary rainband observed in eastern Kanto. It is found from radar observation that small elementary cells composing the rainband had been continuously generated at the southern end of the rainband, namely the southwestern area of Boso peninsula. Fig. 10 shows the generating points of elementary cells and some points distributed over the ocean were observed between 1540-2000 JST. From the generation of elementary cells over the ocean, it is assumed that the weak front over the ocean was developed and detectable clouds were formed over the ocean. The maximum height of echo observed by RHI was about 10 km and the height of small elementary cells was 4 km.
The total amount of precipitation is shown in Fig. 12 between 0900'-'2400 JST. This precipitation pattern associated with the distribution of stationary rainbands. A precipitation rate of 10-20 mm /fir was observed between 1100-1400 JST at Mito, but between 1700-1900 JST, a precipitation rate of about 10 mm/hr was observed at Chiba and in southern Boso.
The relationship between small precipitation echo motion and atmospheric flow
The apparent horizontal movement of the column of hydrometers obtained from radar is controlled by upper atmospheric flow, and it is assumed that the echo moves with velocity of the mean wind in the layer in which they are embedded. The relationships have been found between precipitation echo movement and wind aloft at various levels or in certain uniquely defined layers of the atmosphere.
LIGDA (1953) noted by comparison of the radar echo movement
with upper-air flow that a much closer correlation existed at 700 mb than at either of the other two levels, 850 nib and 500 mb. Most frequently a cumulus development takes place when the wind direction and wind velocity are practically constant with height, so that the movement of a convective shower is representation of the flow of a deep layer of the atmosphere in which it is embedded. It is shown by the results of the Thunderstorm Project that the thunderstorm moves with the mean wind vector of the wind field between the gradient level and 20,000 feet.
In this study, the comparisons of atmospheric flow and radar echo movements are shown in Figs. 13, 14 and 15. The wind data obtained with Rawin observation nade at Tateno, about 70 km north-east of radar station, and the radar data show he frequency distribution of the direction and velocity of radar echo movement.
In the case of a tropical storm, the wind direction from steering level to near the 500 mb level was characterized by the presence of an appreciable vertical wind shear, for the direction of radar echo movement was almost closed with the wind direction of various levels.
This close was found in the comparison of velocity, in which the velocity of precipitation echo was estimated to be 25 m/sec. Also, the orientation of stationary rainbands were closed with wind flow of these layers. From the above results, the formation of a stationary rainband was found to be in need of these upper-wind conditions.
In the case of a uniform air mass, the upper limit of almost the same wind direction was about 5 km, the relation was closed with the wind of the lower layer. The velocity of radar echo was estimated to be about 10 misec and its velocity was closed with the wind velocity in the layer of about 17 km. This upper-wind condition was found on other days when stationary rainbands were observed in easthern Kanto.
A consideration of the formation of elementary cells
At the sourthern end of stationary rainbands were observed the small elementary echoes, and the echo top observed by RHIobservation was about 4 km. The radiosonde data taken at Tateno were given in Fig. 16 , showing that the freezing level was at 6 km on 19 August 1954 and at 4.6 km on 5 August 1957. The temperature at the echo top was about +6°C and +3°C.
From this it is considered that these small elementary echoes were reflected from non-freezing cumulus clouds. Study of the formation of cumulus cloud in the vicinity of a coast or peninsula has been done by many investigators. BOWEN (1950) calculated the formation of rain by coalescence in a non-freezing cloud and showed that in Australia showers frequently develop in the way his theory suggests. LUDLAM (1951) calculated the growth of unusually large cloud droplets by coalescence within isolated convective clouds.
He has demonstrated that if their initial radii are about 20 or more, then growth to raindrops may readily occur, and showed that raindrop nuclei of this size may be provided by spray in a maritime air mass. Spray is continuously formed over the ocean and near the coast by strong wind and enter the moist low layer by topographic updraft.
The formation of small elementary cells usually requires some trigger action, and it is concluded in this study that the generation of cells is due to the trigger action by the topographies. As shown in Fig. 4 and Fig. 10 , the generating points of small elementary cells were distributed on the lee of the mountainous region of the peninsulas.
These observations were suggested a lee effect of the wind flow over the mountain.
In order to examine the effect of topographies, the author calculated the distribution of updraft by topographies. 5 km mesh was adopted to compute the topographical updraft on such a small scale as the formation of the small elementary cells.
Updraft is described approximately by the following equation :
For computation, the wind speed and direction were considered by the results of upper wind observation at Tateno and Hachijojima.
In. August 1954, the wind speed was about 25 m/sec, and the wind direction was about 190°, and the distribution of w in this case is shown in Fig. 17 . In August 1957, the wind speed was about 10 m/sec and the wind direction was about 190°, and the distribution of w is shown in Fig. 18 .
A comparison of the w-distribution and echo-generating points suggested that these points were distributed on the lee of the updraft area in the (0-distribution. However, a point-for-point comparison of the two maps indicates rather poor correlation between updraft area and echo-generating area.
In this comparison there is apparently a time lag. From Fig. 4 , the generating points were distributed from 20 to 50 km on the lee of the updraft area and the time lag was estimated to be about 15 to 30 min with V=25 misec in the case of a tropical storm.
In the case of a uniform air mass, this time lag was estimated to be about 20 misec with V= 10 misec.
Because the minimum detectable precipitation rate of the radar used was about 1 mm/hr at the radar range of 100 km, it is estimated that the radar ref] ectivity (Z) of small elementary cells was about 200 min6/m3. Furthermore, the radar reflectivity of cumulus clouds was found to vary between 10-3mm6/m3 to 10-4mm6im3, and it is assumed that these time lags were due to the growth rate of cumulus clouds. Namely, after small nuclei entered by topographic updraft, cumulus clouds flow to the lee by upper wind before radar detection. Fig. 18 . Distribution of vertical velocity (w) in cm/sec around the Boso peninsula.
